Oxidative DNA damage and repair in teratogenesis and neurodevelopmental deficits.
Several teratogenic agents, including ionizing radiation and xenobiotics such as phenytoin, benzo[a]pyrene, thalidomide, and methamphetamine, can initiate the formation of reactive oxygen species (ROS) that oxidatively damage cellular macromolecules including DNA. Oxidative DNA damage, and particularly the most prevalent 8-oxoguanine lesion, may adversely affect development, likely via alterations in gene transcription rather than via a mutational mechanism. Contributions from oxidative DNA damage do not exclude roles for alternative mechanisms of initiation like receptor-mediated processes or the formation of covalent xenobiotic-macromolecular adducts, damage to other macromolecular targets like proteins and lipids, and other effects of ROS like altered signal transduction. Even in the absence of teratogen exposure, endogenous developmental oxidative stress can have embryopathic consequences in the absence of key pathways for detoxifying ROS or repairing DNA damage. Critical proteins in pathways for DNA damage detection/repair signaling, like p53 and ataxia telangiectasia mutated, and DNA repair itself, like oxoguanine glycosylase 1 and Cockayne syndrome B, can often, but not always, protect the embryo from ROS-initiating teratogens. Protection may be variably dependent upon such factors as the nature of the teratogen and its concentration within the embryo, the stage of development, the species, strain, gender, target tissue and cell type, among other factors.